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Exact mass measurement at high resolution is an important tool alongside other spectroscopic
methods to help confirm the structure of a novel compound prepared by the synthetic chemist.
Exact mass measurement is used in the pharmaceutical industry to confirm the expected
empirical formula of a product when problems have been experienced using elemental
analysis. Because of the amount of manual intervention necessary when acquiring exact mass
measurements, especially when using probe ionization techniques such as fast atom bombard-
ment ionization or electron ionization, this method has been seen to be time consuming and
labor intensive for the mass spectrometrist. An automated high resolution mass spectrometric
method has been developed at Pfizer Central Research which has streamlined exact mass
measurement. The method, which uses electrospray ionization on a double focusing mass
spectrometer, is described. The samples are analyzed using a flow injection technique, with
sodiated polyethylene glycol present in the mobile phase to provide mass reference peaks. The
data are acquired and processed using a macro developed “in house.” This automated
technique can process 15–20 samples an hour including data processing and report generation,
using very small amounts of compound (;25 mg), but more importantly it can be left to run
unattended overnight. This allows the instrument to be used for more complex experiments
during the day when it is important to have a mass spectrometrist present. The results
presented here demonstrate that this method gives exact mass measurements within an
acceptable limit of 5 ppm, and the variation on one sample, injected 10 times, is not excessively
high (21.8 to 11.6 mDa). (J Am Soc Mass Spectrom 1999, 10, 546–551) © 1999 American
Society for Mass Spectrometry
Mass spectrometry and nuclear magnetic reso-nance (NMR) are the major spectroscopictechniques used by synthetic chemists in the
pharmaceutical industry to monitor key stages in a
synthetic pathway and to characterize the final product.
The use of open access NMR and mass spectrometry
instruments is now widespread and this approach to
spectroscopic analysis has greatly increased the amount
of structural information readily available to the syn-
thetic chemist, while significantly reducing the time
taken to obtain these data [1, 2].
Exact mass measurement [3] at high resolution is an
important tool alongside these other spectroscopic
methods to help confirm the structure of novel com-
pounds prepared by the synthetic chemist [4]. It has
been extensively used since the advent of high resolu-
tion mass spectrometers to determine empirical formu-
las of ions from a number of ionization techniques such
as electron ionization, chemical ionization, thermospray
ionization, fast atom bombardment (FAB) ionization,
and more recently atmospheric pressure chemical ion-
ization and electrospray [5–7].
Elemental analysis has historically been used by the
synthetic chemist to confirm that the product has the
expected empirical formula. Elemental analysis can
give results that are difficult to match to the expected
empirical formula. This can be due to impurities being
present in the sample such as solvents, salts, or com-
pound-related impurities. Another possible source of
error is the inaccuracy of weighing samples, especially
if the sample is a gum or a hygroscopic compound. A
further disadvantage of elemental analysis is the rela-
tively large amount of sample needed (;2 mg).
The use of high resolution mass spectrometry has
traditionally overcome these problems, but the method,
especially using FAB, has often been labor intensive,
needing an expert mass spectrometry instrument oper-
ator, and time consuming, as all the data acquisition,
processing, and interpretation had to be carried out by
the operator. There was a clear need to automate exact
mass measurement which would provide a signifi-
cantly higher throughput by minimizing the manual
input for this important technique [8, 9].
An automated high resolution mass spectrometric
method has been developed at Pfizer Central Research
which has streamlined exact mass measurement. The
method, which uses electrospray ionization [10, 11] on a
double focusing mass spectrometers [12, 13] will be
Address reprint requests to George Perkins, Physical Sciences, Pfizer
Central Research, Ramsgate Road, Sandwich, Kent CT13 9NJ, UK. E-mail:
George_Perkins@sandwich.pfizer.com
© 1999 American Society for Mass Spectrometry. Published by Elsevier Science Inc. Received June 22, 1998
1044-0305/99/$20.00 Revised January 22, 1999
PII S1044-0305(99)00014-8 Accepted February 8, 1999
described. The samples are analyzed in a batch mode
using a flow injection technique, and the data are
processed using macros developed “in house.” This
automated technique can process 15–20 samples an
hour, using very small amounts of compound, but more
importantly, it can be left to run unattended overnight.
This allows the instrument to be used for more complex
experiments such as exact mass electron ionization or
high resolution collision-induced dissociation MS-MS
during the day when it is important to have a mass
spectrometrist present.
Experimental
Sample Preparation
All chemicals, except test compounds, were purchased
from Aldrich Sigma (Gillingham, Dorset, UK). The
chemist’s sample is dissolved in a solution of methanol
containing 1% v/v acetic acid and 0.005% w/w poly-
ethylene glycols 200 and 600. The solution concentra-
tion should ideally be between 0.5 and 1 mg/mL. A
final liquid sample of 50 mL volume is the minimum
volume, which means the minimum sample consump-
tion per analysis is 25 mg.
Mobile Phase Conditions
A Gilson 305 HPLC pump and a Gilson 306 HPLC
pump fitted with 5 mL pump heads (Anachem, Luton,
Beds, UK) are connected to a Gilson 231 autosampler
which has an integral Rheodyne injector valve 7125
with a 20 mL loop. The Gilson 305 pump provides the
mobile phase [methanol/water/acetic acid 80/20/1
v/v containing 0.005% w/w polethylene glycol (PEG)
200, 0.005% w/w PEG 600 and 0.005% sodium acetate]
at 30 mL/min flow rate to the electrospray source of the
mass spectrometer. The Gilson 306 pump provides
methanol at 100 mL/min as a wash solution at the end
of the batch. Control of the HPLC pumps and a start
signal for the mass spectrometer is provided by the
Gilson autosampler.
Mass Spectrometry
Analyses are performed on a Micromass Autospec-Q
double focusing magnetic sector mass spectrometer
equipped with an electrospray interface (Micromass,
Manchester, UK), controlled by a Digital AlphaStation
255/233 2D CAD (CSF Systems, London, UK) using
OPUS software and the OPAL macro language. All
samples are analyzed in the positive ion mode using
voltage scans and the data collected in continuum
mode. The mass range scanned is determined by the
macro and is related to the mass of the compound to be
analyzed, the selected range is scanned in 5 s with an
interscan delay of 1 s. The mass spectrometer is run at
an accelerating voltage of 4 kV and the source heater
current is set to 1.2 A. The resolution is set to approxi-
mately 10,000 at 5% valley at a mass of 525. The bath gas
and nebulizer gas is dry nitrogen at flow rates of 400
and 12 L/h, respectively.
Sample Acquisition
The operator is asked for the number of samples in the
batch (batch size 1 to 80) and then for each sample its
nominal mass, empirical formula, and sample identifi-
cation information. The macro uses this information to
construct a voltage scan for each sample which will
encompass the MH1 and MNa1 for the sample and the
relevant lower and upper mass reference peaks. Once
all the information for a batch of samples has been
entered, the macro instructs the mass spectrometer to
start acquiring data on receipt of a signal from the
autosampler.
The sample is introduced by the autosampler into
the mobile phase at the same time a start signal is sent
by the autosampler to the mass spectrometer and ac-
quisition commences using the predetermined voltage
scan range automatically set during the log-in phase of
the process. At the end of the first sample analysis the
spectrometer waits for the next signal from the au-
tosampler to begin collecting data for the next sample.
At the end of the batch the macro checks that the
acquisition data for all the samples have been obtained
and moves into the processing section of the macro.
Sample Processing
After acquisition the macro examines each sample’s
dataset in turn. First, a total ion current chromatogram
is created (see Figure 1). The macro determines the peak
apex and a spectrum is created by averaging the four
scans on either side of the apex. As the analysis is
carried out by loop injection then the peak apex occurs
at approximately the same time point for each injection,
and so if a sample does not produce a peak the macro
takes a preset time point for the peak apex and averages
the four scans on either side of that time point to create
the spectrum. The macro converts the continuum data
spectrum to a centroid data spectrum, using a saved set
of parameters for smoothing, peak detection, etc.; it
then mass assigns the spectrum, before printing (see
Figure 2).
The m/z values for the MH1 and MNa1 ions are
transferred individually by the macro to the elemental
fit program. The elemental fit program is setup by the
macro to allow a maximum error of 5 ppm and to have
a predetermined maximum and minimum number of
atoms from the formula supplied. The elemental fit
program calculates the possible matches, and the errors
associated with these for the observed mass, and prints
this report. Both the data for the MH1 and MNa1 ions
are sent to the synthetic chemist.
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Results and Discussion
As an example, five different compounds, which are
typical of the structures being synthesized within the
pharmaceutical industry, were analyzed by this
method. These compounds produced both protonated
and sodium cationized molecules which were mass
measured (see Table 1). For the compound
C20H25ClN2O5, 10 replicate injections were carried out
in 45 min (see Table 2). The mean result for the MH1 ion
is 409.1528 Da and for the MNa1 ion is 431.1345 Da,
giving average errors of 20.2 and 20.5 mDa, respec-
tively, from the calculated mass. The range of error
observed between the 10 injections was 21.8 to 11.6
mDa for the MH1 and 20.6 to 10.9 mDa for the MNa1.
This range of error compared favorably to the error
observed when carrying out these replicate injections
manually.
Electrospray ionization was chosen as it is the most
universal ionization technique for the vast majority of
compounds synthesized at Pfizer Central Research
Sandwich. Sodium acetate is included in the mobile
phase to promote the formation of the sodiated ion PEG
reference peaks. We have found that when the mobile
phase is prepared without sodium acetate, a mixture of
the protonated, ammoniated, and sodiated PEG refer-
Figure 1. Total ion chromatogram of a sample showing peak apex.
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ence peaks are present in the spectrum. This makes
mass calibration more difficult as the intensity of these
peaks varies and sometimes one of the three expected
ions for the reference compound is not present.
One potential problem that can occur with the sys-
tem is when a sample compound yields an ion which is
isobaric with one of the PEG reference peaks. This has
proved not to be as much of a problem as initially
thought. The fact that sodium acetate is present in the
mobile phase but not in the sample, usually assures that
both protonated and sodiated ions of the sample are
present and a match can usually be found for the
nonisobaric ion. The error on this match is usually
higher than expected as one of the three reference peak
mass is incorrectly assigned because of the presence of
the isobaric peak. Another possible source of error
derives from an inappropriate ratio of the reference and
sample ion intensities. For the best elemental fit these
ions should be of similar abundance, but this is difficult
to obtain, as samples have a large variation in their
relative proton or sodium affinities. This does make a
difference to the errors recorded for a sample, but
results to date suggest the errors are still within the 5
ppm limit. Another perceived problem was the lifetime
of the source and therefore the amount of down time.
During the development and testing of this system the
mobile phase was running for 8 h a day and the
sensitivity of the source was not substantially impaired
over a two week period. This is helped by the second
Gilson HPLC pump which is used to pump methanol at
a flow rate of 100 mL/min for 30 min at the end of each
batch/day. This is triggered by the autosampler so no
manual interaction is necessary.
The results shown in Table 1 all meet the 5 ppm error
limit (observed range for the data presented is 0.2–4.8
ppm) and this has been observed across the mass range.
Compounds with molecular weights as low as 250 Da
and as high as 800 Da have been analyzed on this
system and the results show that this method is appli-
cable across this mass range. This is the mass range that
has been shown to be optimal for therapeutic com-
pounds which have good absorption or permeation
when administered orally and fit the “rule of 5” criteria
which is a method in common use within the pharma-
ceutical industry [14]. The reproducibility of the injec-
tions is within expected limits. This gives us confidence
in this technique’s ability to cope with “real” samples
which may contain impurities.
Conclusions
Exact mass measurement is an important technique in
identifying the elemental formula for ions of interest in
a mass spectrum. Soft ionization promotes the forma-
tion of protonated and sodium catonized molecules. By
using exact mass measurement, the elemental formula
of the compound(s) can be determined with a high
degree of confidence. Historically this method has been
time consuming as each sample had to be introduced
manually into the mass spectrometer. Using electros-
Figure 2. Typical spectrum showing MH1 and MNa1 ions for the sample and MNa1 ions for the two
reference peaks.
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pray ionization at high resolution with the reference
compound being infused constantly into the source of
the mass spectrometer, means that samples can be
analyzed faster. Macros are in place to automatically
acquire and process the data. We have demonstrated
that there is no compromise in the data quality recorded
by this method in comparison to the old manual sample
introduction technique. It can be seen from the results
that the technique is reproducible with a standard
deviation of 0.94 mDa for the MH1 and 0.86 mDa for
the MNa1 for 10 replicate injections. This approach to
exact mass measurement provides a significantly higher
throughput than the conventional approach and is
routinely operated in an unattended mode overnight. It
has proved to be a robust and routine system and has
had a major impact on the sample throughput in a busy
pharmaceutical chemistry environment.
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